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FOREWORD

The tests described herein were

conducted under NASA Apollo Contract

NKS 9-150, during the period from

March 5 to March 16, 1962.

This report was prepared by
M. H. Cohen of the Wind Tunnel

Projects Group, Los Angeles Division.

E. C. Allen - Supervisor

Wind Tunnel Test, S.I.D.
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ABSTRACT

This report contains results of force

tests of 0.02-scale Apollo models FS-I and
FS-7. The tests were conducted in the JPL

21-inch Hypersonic Wind Tunnel at Mach

numbers of 5.0, 7.3, and 9.0.

Presented in this report are body-
axis and stability-axis force data for all

valid runs. A description of the configu-

rations tested and a key to reading the
data are included.
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I. INTRODUCTION

Hypersonic wind tunnel tests of the .02-scale Apollo

force model FS-I were conducted to investigate stability
characteristics of the command module and the launch

escape system, and to evaluate the effects of changes in

escape tower length and escape rocket nose shape. The

command module was tested over an angle of attack range

of -15 @ to +195 @, and the launch escape system from -5 @
to +90".

The .02-scale Apollo FS-7 model was tested to

determine the effects of changes in command module shape

on static stability. These tests included an angle of
attack range from 124 ° to 180 °.

Pretest information was given in Reference (a).

-1-
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II. REMARKS

Some difficulty was encountered with fouling of the

balance by the heat shield, which consisted of a tube

enclosing the otherwise - exposed portions of the sting

and balance. The problem occurred at high angles of
attack of the sting, where combined high air loads and

asymmetrical heating caused the tube to distort.

The problem was reduced by reaming out the forward
end of the heat shield to increase the clearance between

the balance and the heat shield. Fouling was finally

eliminated by cutting the forward portion of the tube off

and replacing it with a larger diameter heat shield. All

data points known to be affected by fouling were discarded,

and some runs repeated with the larger heat shield.

---- - --,,_PL,Vl a I II
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III. MODEL DESCRIPTION

A. General

The FS-I model was a O.02-scale representation of

the Apollo vehicle. Four basic command modules, iden-

tical except for the angle between the module axis of

symmetry and the center llne of the balance, were used

to cover the required angle range. Two modules which

were constructed to accept the escape tower assemblies

were used to cover the angle of attack range for the
launch escape system.

The FS-? model consisted of nine command modules

with several shape parameters varied. Each module

covered the same angle range.

Structural integrity of the basic model is

investigated in Reference (b), and detailed model

drawings are included in Reference (a).

-3-
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III. MODEL DESCRIPTION - continued

B. Nomenclature Sketches

Command Module :

d

,I'

Model

FS-1

FS-7

S_,bol_ _ _

0.i00 33 °

O.059
C

C2

C3
c4
c5
c6

c9
ClO

O.05
O.O5
O. O0

0.!0

o.15
o.o5

1.2

I
1.0
1.4
1.2 30"

36"
40"

Drawing No.

7121-01055-2 thru -7
7121-01062-1

-2

-3
-4
-5
-6
-7
-8
-9

-4-
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B. Nomenclature Sketches

Escape Rocket :

SPACE and INFORMATION SYSTEMS DIVISION

MODEL DESCRIPTION

- continued

_o " (Dw_. 7/2/- alOe-l-/4, -_3 -34)

J£;r'T/ $ o N

MoToR

48.a

E,._C,XlP_" RocW_ 7" MO To N

/.43.4

@
_11/ : ($ W G. 71.2 I- 01o,5"/ - 14) --33, --22 )

2. o R__

A-A

7R/PP£g _ .

_'t" j _1 = 0.080 IN.

f.r z, _ = 0.1oo _.

% , _ = o/_o ,.

DV,/'G, NoT 7"o SCALE.
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Nomenclature Sketches

Tower Structure:

SPACE and INFORMATION SYSTEMS DIVISION
_ mln_pLlll • •

MODEL DESCRIPTION - continued

- continued

(D,,,=. =/z,- o, os/-/a)
I--',--'t

I/9.o
8_..0

I-_--- _z (Tr,) -_ l
PlMENSIoH5 FVLL 5(ALE" b INCHES,

DRA W_N@ HOT TO $CAI. E
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IV. TEST PROCEDURE

Test Nomenclature

A

CA

CD

CL

C_

CmA

CmCG

cN

Cn

Cy

D

d

L

J

M •

mA

mCG

= Axial Force, lb.

= Axial Force coefficient = A/qS_

= Drag coefficient = D/q S_

= Lift coefficient = L/qSw

= Rolling Moment coefficient about command module

axis of symmetry = #/q S_d

= Pitching Moment coefficient about nose cone apex

= mA/qSw d

= Pitching Moment coefficient about reference

center of gravity = mcG/q f_ d

= Normal Force coefficient = N/qS_

= Yawi.ng Moment coefficient about nose cone apex

= n/qS_ d

= Side Force coefficient = Y/q_

= Drag, lb.

= Maximum diameter of command module, in.

= Lift, lb.

= Rolling Moment about command module axis of

symmetry, in.-lb.

= Mach number

= Pitching moment about nose cone apex, in.-lb.

= Pitching moment about reference center of
gravity, in.-lb.

l_Lmnmm_mmlk|nm I n_
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IV. TEST PROCEDURE- continued

A. Test Nomenclature - continued

N = Normal Force, lb.

n

q

= Yawing Moment about nose cone apex, in.-lb.

= Free stream dynamic pressure, lb/in. 2

Rd = Reynolds Number based on maximum diameter
of command module

STr = Reference area; area of circle with diameter

"d", In.2

Xcp = Distance from nose cone apex to the inter-
section of the resultant force vector and the

axis of symmetry of the model, in.

= Distance from nose cone apex to the reference

center of gravity, measured along the model
axis of symmetry, in.

Y = Side Force, lb.

= Distance f_om reference center of gravity

normal to model axis of symmetry, in.

_S

= Angle of attack of model axis of symmetry,
zero when nose (small end) of command module

points upstream, deg., = O(s + @.

= Angle between the balance center llne and the

free stream direction, deE.

@ = Angle between the model axis of symmetry and

the balance center line, deg.

= Angle of roll of balance with respect to the

sting support pitch plane, deE.

i..-- __ . .il_|&ll I --

_huv
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IV. TEST PROCEDURE - continued

I

B. Model Installation

The FS-I model was installed on the JPL SBG6-2

water cooled balance. A special 9 ° bent sting was

used, supported by a 9 ° offset adapter equipped for
remotely rolling the sting (see diagram, next page).

The purpose for the bent sting was to eliminate the

possibility of the nose of the escape rocket entering
the tunnel boundary layer at high angles of attack.

The basic angle range of the sting support system

is -9 ° to +19 °. With the given combination of bent

sting and offset adapter, this was also the range of

_s when _B = 0 °. When the sting was rolled about the
axis indicated on the diagram so that _B = 1800, the

range of O<s became -37 ° to -9 °. Thus, if @ = riO°,

for example, an angle of attack range of -17 ° to +39 °

can be covered.

The installation of the FS-7 model was similar

except that a straight sting was used, inserted in the

9 ° offset adapter. This produced an angle of attack

range of lfi4° to 180 ° with @ = 15fi°.

-9-
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IV. TEST PROCEDURE - continued

Ce Instrumentation

Six component force data were measured by the

JPL SGB6-2 (Task MkXIV) internal balance. The output

of each element of the balance was digitized and punched
into paper tape simultaneously in the wind tunnel control

room and at a remote computer location. The control

room tape was immediately read, and the raw data typed

on a Flexowriter and plotted automatically. Final com-

puted data were transmitted from the remotely located
Datatron computer to a second Flexowriter located in
the control room.

No pressures were measured. Black and white

schlierens and some shadowgraphs were taken. Prints
are on file at JPL and at SID.

-ll-
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IV. TEST PROCEDURE - continued

D. Data Reduction Constants

Force and moment coefficients were computed based
on the following geometric constants.

Sm = 7.4506 In. 2

d = 3. 080 in.

Reference C.G. location:

For the launch escape system (tower on) configura-
tions, the c.g. was located at:

= 0.695 in. aft of command module nose cone apex

= 0.000 in.

For the command module (tower off) configurations,
the c.g. was located 0.7392 in. from the center of the

heat shield face. Because of variations in shape, _,

measumed from the nose cone apex, varies as follows:

Configuration
m

C 2.1118

C2 2.120
C 3 1.967
C4 2.258

2.060

67 2.173
c8 2.397

C9 1.861
C10 1. 583

(all configurations) = 0.1817 in. below axis of

symmetry.

-12-
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APPENDIX "A"
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TABULATED DATA FORMAT

To permit handling as "unclassified", column headings
were omitted from the data print-out. The column numbers

are listed below along with the identification of the data
printed out in each column.

A short line which does not contain any decimal points
represents a wlnd-off condition and does not contain usable
data.

Column No. Data Identification

1 Run Number*
2 o_

3
4 CN
5 CA
6 CmA .
7 Xcp/d
8 Cy
9 c

i0 Cn

ll CL

12 CD

13 CmCG
14 Mach No.

15 Not used.

Point Number

*Disregard first digit.

-15-
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RUN INDEX

Run number in parenthesis ( ) indicates run being repeated.

Run No. Configuration Mach Range Rd x 10-6

1

2

3 (NG)
4
5 (NG)
6
7
8
9

IO
13.

Z2 (Z)

13
14

16
17
18
19

221.

22

23
24
25
26

27
28
29

33
3/,
35

C 9.0 +9 ° to +25 ° 0.431

-5 ° to +9 °

+64 ° to 80 °

ElOT3C

C 0.431

E1 oT3C O. 290

C 0.431

O. 290

EIIT3Cc& I

El oT3C 5.0 O. 625

l 0.825

C O. 625

EIOT3C
4

C

114 ° to 142 °

98 ° to 108 °

169 ° to 185 °

141 ° to 169 °

62 ° to 90 °

45 ° to 71 °

9 ° to 35 °

ll ° to 39 °

-5 ° to +i0 °

+9 ° to 37 °

9 ° to 37 °

-19 ° to +9 °

-5 ° to +i0 °

+lO ° to 39 °
64 ° to 80 °

36 ° to 64 °

ii ° to 35 °

-5 ° to +ii °

-5 ° to +ii °

+ii ° to 39 °

169 ° to 197 °

141 ° to 169 °
46 ° to 62 °

66 ° to 91 °

169 ° to 197 °

141 ° to 169 °

169 ° to 197 °

141 ° to 169 °

ll ° to 39 °

-5 ° to +ll °
EIIT3C

-16-
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HUN INDEX- continued

Hun No. Configuration Mach Range Rd x lO -6

38
39
40
41

42
43
44
45
46

47
48
49
50
5].
52
53

54 147)55 48)
55
57
58
59
60 (59)
51
52

63 13 I
64 N@

65 8_

66 9_67

69
70 l_
7]. 2]
72 2(

E1 oT3C 5.0

73

EIOTTC

1
C

EIO_'C

EIoT8C

l
E10TTC

EIOT3C

C

9.0

+62 ° to 90 °

45 ° to 62 °

62 ° to 90 °
46 ° to 62 °

ii° to 40 °

-5 ° to +ll °
+ll ° to 40 °

-5 ° to +ll °
+46 ° to 62 °

62 ° to 90 °

-19 ° to +9 °

+9° to 38°

169 ° to 197 °

14].° to 169 °

].14° to 143 °

85 ° to ll4 °

36 ° to 64 °

70 ° to 92 °

9° to 38 °

-19 ° to +9 °

+62 ° to 90 °
46 ° to 62 °

Ii ° to 39 °

-5 ° to +ll °
-17 ° to +ll °

+ll ° to 39 °
-5 ° CO +ll _

+ll ° to 39 @

141 _ to 169 °

169 ° to 197 °
86 ° to lld*

ll4 ° to 142 @

-19 ° to +9 @

+9 ° to 37 °

36 ° to 64 °

64° to 92°

0.203

0.884

0.2 )0

-17-
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Ru._..N_nN0.

75
75
77
78
79
80
81
82
83
8#
85
85
87
88
89
90
91
92
93
9#
95
95
97
98
99

10o
101
102
103
104
205
106
107
108
109
110

RUN IND_ _ Contlnued

C°nflg_e

Elo_Sc ___._
9.0 +62 ° to 90 °

C4 3#° to 52° .290

c3

c2

?
cz
&

c6

?
c8

Clo

c2

c5

C6

c8

c9

Clo

1

7.3

124° tO 152 °
152o to 180 •
124° to 152 o
152 ° to o
12#° to _52 o
152 ° to 180 °

124° to 152 °
152o to 180 °

124° to 152 o
152 ° to 180 °

124° to 152 °

152° to 180 o

124° tO 152 °
152° to 180 o

124° to 152 °

152 ° to 180 °

124° to 152 o

152 ° to 180 °
124° to 152 °
152 ° to 180 o

124° to 152 o
152o to 180 o

124° to 152 °
152 ° to 180 °
124 °

to 152 °
152 ° to 180 °
124 °

to 152 °
152 ° tO 180 °

124° to 152 °
152o tO 180 °

124° to 152 °
152° 80 180 °

12#° to 152 o
152° to 180 °

124° to 152 °

152 ° to 180 °

8##

-18-
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RUN INDEX - continued

Run No. Configuration Mach Range Rd x lO -6

ni _2ii2
ii3 c3

n5 c4
ll6

ll7 C5
i18
ll9 C7
120

121 C6
122

i23 EIOT8C
124 ElOT8Ctr

125 ElOT8Ctr2

126 EIOT8Ctr 3

i27 c8
128
129 c9
130

i31 ClO
132

133 E10TTC

134 E1 oT7 Ct r3

5.0 +12;4 ° to 152 °

152 ° to 180 °

124 ° to 152 °

152 ° to 180 °

124 ° to 152 °

152 ° to 180 °

124 ° to 152 °

152 ° to 180 °

124 ° to 152 °

152 ° to 180 °

124 ° to 152 °

152 ° to 180 °
-8 ° to +20 °

-8 ° to +20 °

-8 ° to +20 °

-8 ° to +20 °

+124 ° to 152 °

152 ° to 180 °

124 ° to 152 °

152 ° to 180 °

124 ° to 152 °

 8o°to +20 °
-8 ° to +20 °

O. 625

-19-
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